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157] ABSTRACT

A radio transceiver for use in data communications uses
a single phase-locked loop to control the frequency of
the receiver portion while simultaneously providing
coarse control of the frequency of the transmitter por-
tion. The output of the receiver portion is also used to
provide an error signal for fine tuning the transmitter
frequency after the component of the error signal
caused by modulation of the transmitter pomon has
been removed.
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- RADIO TRANSCEIVER AND RELATED METHOD

OF FREQUENCY CONTROL

BACKGROUND OF THE INVENTION

The present invention generally relates to radio trans-
ceivers, and more specifically to portable battery-pow-
ered radio transceivers for data communications.

The frequency generating section of a radio trans-
ceiver typically includes a frequency synthesizer in a
phase-loeked loop. Although the transceiver transmits
and receives on the same channel frequency, the phase-

locked loop must provide one frequency for the trans-

mitter portion when the transceiver is in the “transmit”
mode and another frequency, offset by the intermediate
frequency (IF), when the transceiver is in the “receive”
mode. Thus, when the transceiver is switched from the
receive mode to the transmit mode, and vice versa, the
frequency synthesizer must be reset and the phase-
locked loop must regain synchronization.

For a simple phase-locked loop circuit having both
high frequency. stability and low noise, the response
time of the phase-locked loop for regaining synchroni-
zation 1s typically on the order of 10 milliseconds. For

data communications applications, however, the trans-

mitter portion of the transceiver must be able to respond
much more rapidly. The response time of a simple
phase-locked loop is too slow for most data communica-
tion applications in which the transmitter must respond
in a few hundred microseconds or less.

Phase-locked loops with rapid response times can be

constructed, but these circuits are more complex and

therefore require additional components and consume
more power. This 1s obviously less desirable for porta-
ble transceivers which are battery powered.

SUMMARY OF THE INVENTION
Accordingly, it is the goal of this invention to provide
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a radio transceiver for use in data communications

which uses only a single phase-locked loop for control-
ling the frequency of both the receiver portion and the
transmitter portion while still providing for rapid turn-
on and low noise. |

To achieve this goal and in accordance with the pur-
pose of the invention, as embodied and broadly de-
scribed herein, the radio transceiver uses a single phase-
locked loop to control the frequency of the receiver
portion while simultaneously providing coarse control
of the frequeney of the transmitter portion. The output
of the receiver portion is also used to provide an error
signal for fine tuning the transmitter frequency after the
component of the error signal caused by modulation of
the transmitter portion has been removed.

More specifically, the radio transceiver in accor-
dance with the invention comprises: a phase-locked
- loop portion; a receiver portion; and a transmitter por-
tion. The phase-locked loop portion of the transceiver
provides a stable tuning reference signal to the receiver
portion. The phase-locked loop portion includes means
for generating a first control signal having an amplitude
~which is related to a first frequency, and oscillator
means, responsive to the first control signal, for generat-
ing a reference signal at the first frequency.

The receiver portion has inputs for receiving the
reference signal from the phase-locked loop portion and
a radio frequency signal at a second frequency different
from the first frequency from an external transmission
medium, such as an antenna. In a preferred embodi-
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2

ment, the receiver portion operates on the heterodyne
principle and mixes the received signal from the antenna

with the reference signal to produce an intermediate

frequency signal. The receiver portion thereby pro-
duces a demodulated output signal from the received
radio frequency signal.

The transmitter portion has an output coupled to the
external transmission medium for transmitting a radio
frequency signal at the second frequency. The transmit-
ter portion includes means for generating a second con-
trol signal having an amplitude which is approximately
linearly related to both the first control signal and the
demodulated output signal from the receiver portion,

‘and a second oscillator means, responsive to the second

control signal, for generating the radio frequency signal
to be transmitted at the second frequency.

In a preferred embodiment of the invention, the radio
frequency signal output of the transmitter portion is
modulated with a data transmission signal. In order to
remove noise caused by the data transmission signal
from the demodulated output signal from the receiver
portion, the transmitter portion also includes means for
subtracting a scaled amount of the transmission data
signal from the demodulated output signal.

It is to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are not restrictive
of the invention as claimed. The accompanying draw-

ing, which is incorporated in and constitutes a part of

the specification, illustrates an embodiment of the in-
vention and together with the general description,
serves to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is schematic block diagram of the presently
preferred embodiment of a radio transceiver of the
invention.

DESCRIPTION OF THE PREFERRED
- EMBODIMENT

Referring now to the presently preferred embodi-
ment of the invention, which is illustrated in the accom-
panying drawing of FIG. 1, a radio_transceiver 8 in-
cludes a phase-locked loop portion 10, a receiver por-
tion 12, and a transmitter portion 14,

Phase-locked loop portion 10 provides a stable tuning
reference frequency to the receiver portion of the trans-
ceiver and includes a frequency synthesizer 20, a loop
filter 22, a low pass filter 24, a voltage-controlled oscil-
lator (VCO) 26, and a VCO amplifier 28. Although the
receiver portion and the transmitter portion both oper-
ate on the same channel frequency, the receiver portion
requires a tuning reference frequency offset from the
channel frequency by an amount equal to an intermedi-
ate frequency (IF) of the receiver portion. Where the IF
is 58 MHz, for example, the tuning reference frequency
will be set at 58 MHz above the channel frequency.
Thus, if the channel frequency is 902 MHz, the tuning
reference frequency will be set at 960 MHz.

The frequency of operation of phase-locked loop
portion 10 is determined by data loaded into frequency
synthesizer 20 and by an external reference frequency
signal FREF. Frequency synthesizer 20 may be one of
several commercially available devices such as, for
example, a Fujitsu MB1501 frequency synthesizer. Ad:
ditional control signals CLOCK, DATA, and LOAD
are used to set internal dividers of frequency synthesizer
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20 for scaling the frequency of both the output of VCO

26 and the external reference frequency signal FREF.
Frequency synthesizer 20 also includes an internal
phase detector which compares the scaled output of
VCO 26 and FREF. The output of the phase detector is

an error signal whose amplitude represents the differ-
ence between the two signals.

Loop filter 22 and low pass filter 24 shape the output
signal of frequency synthesizer 20 to remove AC com-
ponents and to provide a DC control signal 25 to drive
VCO 26. In response to control signal 25, VCO 26
- generates a tuning reference frequency TREF, which is
58 MHz above the channel frequency. Signal TREF is

fed back to frequency synthesizer 20 to complete the

loop. An amplifier 28 also amplifies signal TREF output
from VCO 26 for use in the receiver portion of the
transcelver.

As embodied herein, receiver portion 12 of the radio
transceiver includes a helical resonator 30, an RF ampli-
fier 32, a double-balanced mixer 34, intermediate fre-
quency amplifiers 36 and 40, bandpass filters 38 and 42,
an FM demodulator 44, and a comparator 50. Receiver
portion 12 operates on the heterodyne principle by
converting a radio frequency signal received by resona-
tor 30 from an external transmission medium, such as an
antenna, to the intermediate frequency (IF). In the re-
ceive mode, a transmit/receive switch 16 connects the
input of receiver portion 12 (i.e., helical resonator 30) to
an antenna 18 so that receiver portion 12 receives the
radio frequency signal at the channel frequency from
the antenna 18. The received signal is mixed with tuning
reference frequency TREF from phase-locked loop
portion 10 to produce the IF signal. The IF signal is
then filtered and demodulated to obtain a received data
output signal representing the information received by
the receiver portion.

More particularly, helical resonator 30 first filters the
received radio frequency signal from antenna 18 to the
frequency range of the receiver portion, which in this
embodiment is 902 to 928 MHz. RF amplifier 32 ampli-
fies the filtered radio frequency signal for input to dou-
ble-balanced mixer 34. Double-balanced mixer 34 con-
verts the received radio frequency signal to a single
intermediate frequency (IF) signal by mixing the re-
ceived radio signal with tuning reference frequency
TREF signal from phase-locked loop portion 10. The
IF signal from double-balanced mixer 34, which is the
difference between the received radio frequency signal
and tuning reference frequency TREF, is then ampli-
fied and filtered by IF amplifiers 36 and 49 and bandpass
filters 38 and 42, respectively.

The IF signal is demodulated by FM demodulator 44
to obtain the data output signal. Demodulator 44 may
be a commercially-available device such as, for exam-
ple, a Motorola 13055 FM demodulator, which is con-
nected to discrete tuning elements such as a capacitor 46
and an inductor 48. Demodulator 44 has two output
signals, one of which is a data output signal 45 and the
other of which is a signal RSSI which indicates the
strength of the received signal. A comparator 50 con-
verts the demodulated data output signal 45, which is an
analog signal, to a digital data signal RXDATA for use
in data communications applications.

As further embodied herein, transmitter portion 14 of
the transceiver is a frequency-modulated radio transmit-
ter which transmits a radio frequency signal RFOUT at
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the channel frequency. This radio frequency signal is

modulated by a transmission data signal TXDATA

4

representing the information to be transmitted. The
frequency of signal RFOUT is accurately set by a VCO
62 using a control signal 61 which is derived from con-
trol signal 25 of phase-locked loop portion 10 and from
demodulated data output signal 45 from receiver por-
tion 12, as will be explained in further detail below.

Like the input of receiver portion 12, the output of
transmitter portion 14 is connected to the external trans-
mission medium, such as antenna 18, by transmit/-
receive switch 16. When the transceiver is operating in
the transmit mode, the output of transmitter portion 14
Is connected to antenna 18. In addition, since it is diffi-
cult if not impossible to completely isolate the transmit-
ter output from the receiver input, some of the output
signal RFOUT from transmitter portion 14 is coupled
into the input of receiver portion 12.

The frequency control of transmitter portion 14 takes
advantage of the fact that the respective control voit-
ages 25 and 61 for VCO’s 26 and 62 in the transmitter
and receiver portions are approximately linearly re-
lated. Thus, control signal 25 from phase-locked loop
portion 10 can be used to set the frequency of transmit-
ter portion 14 within a few MHz. As shown in FIG. 1,
control signal 25 which is input to VCO 26 is also input
to VCO 62, after it has been scaled and modulated.

Spectfically, control signal 25 from phase-locked
loop portion 10 is input to a summation element 54,
which may be a simple resistor summing network. The
amplitude of control signal 25 is then scaled by an am-
plifier 58 before it is input to VCO 62. Control signal 25
from phase-locked loop portion 10 thus provides a
coarse control of the transmit frequency of transceiver
8 and sets the output of VCO 62 to within a few MHz
of the desired channel frequency.

Fine control of the transmit frequency is provided by
demodulated data output signal 45 from FM demodula-
tor 44 of receiver portion 12. As noted above, in the
transmit mode, some of the output signal RFOUT from
transmitter portion 14 is coupled, via switch 16, into the
input of receiver portion 12. This causes demodulator
44 to generate a demodulated output signal which con-
stitutes an error signal indicating the difference between
the frequency of signal RFOUT and the channel fre-
quency. The demodulated data output signal 45 is
scaled by an automatic fine tuning (AFT) amplifier 56
and algebraically summed with the output signal from
amplifier 58 by summation element 60 to adjust VCO 62
to the desired channel frequency.

Whenever the transmitter portion of the transceiver
is turned on, the transmit frequency will be close to the
desired channel frequency. Because the phase-locked
loop portion has already achieved lock prior to turning
on the transmitter portion, the turn-on time of the trans-
mitter portion is not limited by the timing constraints of
the phase-locked loop. Once the transmitter portion
begins transmitting, the feedback loop through the re-
ceiver portion rapidly pulls the transmit frequency into
the center of the channel frequency.

This arrangement generally works well until modula-
tion is introduced to the transmitted signal. In particu-
lar, a transmission data signal TXDATA, representing
information to be transmitted, is algebraically summed
with control signal 25 to produce a modulation control
signal 5§5. This modulation control signal 55 is then
input to amplifier 58 in order modulate the transmitter
frequency.

The modulation of control signal 25 results in the
transmission data signal TXDATA appearing at the
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output 45 of demodulator 44. AFT amplifier 56 accord-
Ingly treats this signal as a frequency error and acts to
eliminate this signal. This in turn may cause a noisy
transmitted signal and a reduction in transmitted signal
deviation at lower modulation frequencies. Therefore,
to prevent this noise and modulation reduction, a scaled
amount of the transmission data signal TXDATA is
subtracted from the signal 45 in summation element 52
to produce an error control signal 53. The error control
signal 33 from summation element 52 and the modula-
tion control signal 55 from summation element 54 are
then combined in summation element 60 to produce
control signal 61 for controlling VCO 62.

Finally, when radio transceiver 8 is in the receive

mode, the transmitter portion 14, including VCO 62, is
turned off. Preferably, the transceiver is battery pow-
ered, so that a transmit power switch 64 supplies battery
potential to transmitter portion 14 and VCO 64 only in

10

15

the transmit mode when the transmitter portion is

turned on. In the transmit mode, power amplifiers 66
and 68 amplify the transmitter output signal and low
pass filter 70 eliminates any higher frequency harmon-
ics. The output of transmitter portion 14 is then con-
nected to antenna 18 for transmitting the transmitter
output signal RFOUT.

It will be apparent to those skilled in the art that

- various modifications and variations can be made in the

radio transceiver of the present invention without de-

parting from the scope or spirit of the invention. Other
embodiments of the invention will be apparent to those
skilled in the art from consideration of the Spemﬁcatlon
and practice of the invention disclosed herein. It is in-
tended that the specification be considered as exem-
plary only, with a true scope and spirit of the invention
being indicated by the following claims.

What is claimed is:

1. A radio transceiver, comprising:

a phase-locked loop portion including:

means for generatmg a first control signal having an
amphitude which is related to a first frequency, and

first oscillator means, responsive to the first control
‘signal, for generating a reference signal at the first
frequency;

a radio receiver portion having inputs for receiving the
reference signal from the phase-locked loop portion
and a radio frequency signal at a second frequency
different from the first frequency from an external
transmission medium, the receiver portion producing
a demodulated output signal from the received radio
frequency signal; and |

a radio transmitter portion having an output coupled to

the external transmission medium for transmitting a

radio frequency signal at the second frequency, the

transmitter portion including:

means for generating a second control signal having
an amplitude which is approximately linearly re-
lated to both the first control signal and the demod-
ulated output signal, and

second oscillator means, responsive to the second
control signal, for generating the radio frequency
signal to be transmitted at the second frequency.

2. The radio transceiver of claim 1, wherein the trans-

mitter portion further includes:

means for modulating the second control signal with

a transmission data signal, and
means for subtracting a scaled amount of the trans-
mission data signal from the demodulated output

signal.
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3. The radio transceiver of claim 1, wherein the
means for generating the second control signal includes:
means for adding a transmission data signal to the first
control signal to produce a modulation control
signal,
means for subtracting a scaled amount of the trans-
mission data signal from the demodulated output
signal to produce an error control signal, and

means for combining the modulation control signal
and the error control signal to produce the second
control signal.

4. The radio transceiver of claim 1, wherein the trans-
ceiver selectively operates in one of a transmit mode
and a receive mode, the transceiver further comprising:

switching means for connecting the transmitter por-

tion to the external transmission medium at times
when the transceiver is operating in the transmit
mode, whereby the external transmission medium
transmits the radio frequency signal at the second
frequency from the transmitter portion, and for
connecting the external transmission medium to the
receiver portion at times when the transceiver is
operating in the receive mode, whereby the re-
ceiver portion receives from the external transmis-
ston medium the received radio frequency signal at
the second frequency.

5. The radio transceiver of claim 4, wherein the out-
put of the transmitter portion is coupled to the input of

the receiver portion through the switching means at

times when the transceiver is operating in the transmit

mode.
6. The radio transceiver of claim 1, wherein the re-

cetver portion includes:

means for mixing the reference signal and the re-
ceived radio frequency signal from the external
transmission medium- to produce an intermediate
frequency signal, and
means for demodulating the intermediate frequency
~ signal to produce the demodulated output signal.
7. A radio transceiver, comprising:
a phase-locked loop portion including:
means for generating a first control signal having an
amplitude which is related to a first frequency, and
first oscillator means, responsive to the first control
signal, for generating a refcrence signal at the first
frequency,
a radio receiver portion having inputs for receiving
the reference signal from the phase-locked loop
~portion and a radio frequency signal at a second
frequency different from the first frequency from
an external transmission medium, the receiver por-
tion producing a demodulated output signal from
the received radio frequency signal; and
a frequency-modulated radio transmitter portion having
an output coupled to the external transmission me-
dium for transmitting a radio frequency signal at the
second frequency modulated by a transmission data
signal, the transmitter portion including:
means for subtracting a scaled amount of the trans-
mission data signal from the demodulated output
signal to produce an error signal, |
means for generating a second control signal having
~an amplitude which is approximately linearly re-
lated to both the transmission data signal and the
error signal, and
second oscillator means, responsive to the second
control signal, for generating the radio frequency
signal to be transmitted at the second frequency.
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8. The radio transceiver of claim 7, wherein the trans-
ceiver selectively operates in one of a transmit mode
and a receive mode, the transceiver further comprising:

switching means for connecting the transmitter por-
tion to the external transmission medium at times
when the transceiver is operating in the transmit
mode, whereby the external transmission medium
transmits the radio frequency signal at the second
frequency from the transmitter portion, and for
connecting the external transmission medium to the
receiver portion at times when the transceiver is
operating in the receive mode, whereby the re-
celver portion receives from the external transmis-
sion medium the receiver radio frequency signal at
the second frequency.

9. The radio transceiver of claim 8, wherein the out-
put of the transmitter portion is coupled to the input of
the receiver portion through the switching means at
times when the transceiver is operating in the transmit
_mode. |

10. The radio transceiver of claim 7, wherein the
receiver portlon includes:

means for mixing the reference 51gnal and the re-
ceived radio frequency signal from the external
transmission medium to produce an intermediate
frequency signal, and

means for demodulating the intermediate frequency
signal to produce the demodulated output signal.

11. A radio transceiver, comprising:

a phase-locked loop portion including:

a frequency synthesizer for generating a first control
signal having an amplitude which is related to a
first frequency, and

a voltage-controlled oscillator, coupled to the fre-
quency synthesizer and responsive to the first con-
trol signal, for generating a reference signal at the
first frequencyj; |

a radio receiver portion having inputs to receive the
reference signal from the phase-locked loop portion
and a radio frequency signal at a second frequency
different from the first frequency from an antenna,
the receiver portion including:

a mixer for combining the reference signal and the
received radio frequency signal from the antenna
to produce an intermediate frequency signal, and

a demodulator for demodulating the intermediate
frequency signal to produce a demodulated output
signal; and

a frequency-modulated radio transmitter portion having
an output for transmitting a radio frequency signal
through the antenna at the second frequency, the
transmitter portion including: |

means for adding a transmission data signal to the first
control signal to produce a modulation control

‘signal,

means for subtracting a scaled amount of the trans-
‘mission data signal from the demodulated output
signal to produce an error control signal,

means for combining the modulation control signal
and the error control signal to produce a second
control signal, and

a voltage-controlled oscillator, responsive to the sec-
ond control signal, for generating the radio fre-
quency signal to be transmitted at the second fre-
quency.

12. The radio transceiver of claim 11, wherein the

transcetver selectively operates in one of a transmit
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mode and a receive mode, the transceiver further coms-
prising

switching means for connecting the transmitter por-

tion to the antenna medium at times when the
transceiver is operating in the transmit mode,
whereby the antenna transmits the radio frequency
signal at the second frequency from the transmitter
portion, and for connecting the antenna to the
receiver portion at times when the transceiver is
operating in the receive mode, whereby the re-
celver portion receives from the antenna the re-
ceived radio frequency signal at the second fre-
quency.

13. The radio transceiver of claim 12, wherein the
output of the transmitter portion is coupfed to the input
of the receiver portion through the switching means at
times when the transceiver is operating in the transmit
mode.

14. In a radio transceiver including a phase-locked
loop portion, a receiver portion, and a transmitter por-
tion, a method of controlling the frequency of the trans-
mitter portion comprising the steps of:

generating in the phase-locked loop portion a first

control signal having an amplitude which is related
to a first frequency;

generating in the phase-locked loop portion a refer-

ence signal at the first frequency in response to the
first control signal;

producing in the receiver portion a demodulated

output signal from a received radio frequency sig-
nal at a second frequency different from the first
frequency and from the reference frequency from
the phase-locked loop portion;

generating in the transmitter portion a second control

signal having an amplitude which is approximately
linearly related to both the first control signal and
the demodulated output signal from the receiver
portion; and

generating in the transmitter portion a radio fre-

quency signal to be transmitted at the second fre-
quency in response to the second control signal.

15. The method of claim 14, further comprising the
steps of:

- modulating the second control signal with a transmis-
sion data signal; and

subtracting a scaled amount of the transmission data

signal from the demodulated output signal.
16. The method of claim 14, wherein the step of gen-
erating the second control signal includes the sub-steps
of: -
adding a transmission data signal to the first control
signal to produce a modulation control signal;

subtracting a scaled amount of the transmission data
signal from the demodulated output signal to pro-
duce an error control signal; and

combining the modulation control signal and the

error control signal to produce the second control
signal.

17. The method of claim 14, wherein the step of pro-
ducing the demodulated output signal includes the sub-
steps of: |

mixing the reference signal and the received radio

frequency signal from an external transmission
medium to produce an intermediate frequency
signal; and

demodulating the intermediate frequency signal to

produce the demodulated output signal.
2 %X %x= ¥ x
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